spective series have reported a significant benefit of re-establishing the enterohepatic bile salt circulation in terms of reduced postoperative morbidity and mortality compared with untreated jaundiced patients [1 -5] , other series have conversely reported an increase in major surgical complications, and even mortality, in patients undergoing such drainage [6 -16] . Although several clinical studies have reported that biliary drainage brings favorable outcome pathophysiologically, the clinical relevance of this finding is uncertain. The results of a recent multicenter randomized trial and a subsequent meta-analysis offer strong support for the view that preoperative biliary drainage is followed by an increased rate of major complications. Although many of these complications occurred postprocedurally (i. e. after stent insertion) rather than after the final operation, these authors concluded that preoperative biliary drainage in general should be avoided for resectable tumors [6, 7, 9, 16] . Nonetheless, in spite of conflicting evidence, biliary drainage is still used for biliary decompression in selected patients with cholangitis or severe jaundice prior to radical surgery in many centers, especially for the increasing number of patients who are offered neoadjuvant therapy for pancreatic cancer [17] . In addition, the ongoing centralization of pancreatic surgery to high-volume centers may prolong the waiting time for definitive treatment, making biliary decompression inevitable, even in patients not eligible for neoadjuvant therapy.
It seems incontrovertible that bactobilia is associated with increased infectious complications after pancreatectomies, where measures have to be taken to prevent contamination of the wound and the abdominal cavity, and that the drainage techniques used might well contribute to the bacterial contamination rate of the biliary system [18] . In a large series from a high-volume center, it was claimed that patients with preoperative stents experienced significantly higher rates of wound infections compared with those undergoing surgery without prior stent placement (10 % vs. 4 %) [14] . Moreover, bacterial cultures of infected surgical wounds showed a strong correlation with the microorganisms found on bile cultures obtained at the time of surgery [14, 19] . Bactobilia caused by stent dysfunction may result in a higher incidence of surgical infectious complications, but not necessarily in clinically more severe infections [14] . Nonetheless, cultivated amounts and strains of bacteria of the intrahepatic bile may well act as a marker for the level of impairment of the enterohepatic circulation of bacteria and accordingly function as a sensitive marker of the level of efficacy of bile drainage.
One important factor behind the divergent opinions about the efficacy and effect of preoperative biliary drainage is the type of stent being used. The improved patency of self-expandable metal stents (SEMSs) compared with plastic stents has been proven in large trials for the palliative treatment of patients with extrahepatic biliary obstruction [20 -24] . Whether SEMSs are superior to plastic stents in the preoperative biliary drainage setting has to be explored carefully [25, 26] . Moreover, a concern has been expressed about the local reaction in the hepatoduodenal ligament, induced by SEMS, and the associated surgical difficulties related to the precision of the dissection and withdrawal of the stent [27 -29] . Finally, it has been claimed that covered SEMSs might increase the risk of cholecystitis and pancreatitis by blocking the cystic and the pancreatic duct orifices.
To address these different concerns, we performed a prospective randomized, double-blind study in patients suffering from jaundice who were undergoing preoperative biliary drainage, with either plastic stents or covered SEMSs. The aim of the study was to investigate the possible superiority of SEMSs over plastic stents, by comparing the amount of bacteria in intraoperatively collected bile and using this variable as a proxy for the efficacy of the respective biliary drainage modalities.
Patients and methods
The present study compared the insertion of a fully covered SEMS (Permalume silicone interior covered Platinol stent; Boston Scientific, Marlborough, Massachusetts, USA) with conventional plastic stents (polyethylene). The endoscopist decided which SEMS length to use, most commonly 6 cm (n = 37), depending on the anatomical circumstances and the length of the stenosis. At full expansion, all SEMSs reached an inner diameter of 10 mm, whereas the plastic stents were 10 Fr and most often 7 cm in length (n = 35).
The inclusion criteria were patients with a resectable periampullary tumor that was considered suitable for radical surgery and who presented with unrelieved extrahepatic, obstructive jaundice (bilirubin > 50 µmol/L). The exclusion criteria were unsuccessful cannulation at endoscopic retrograde cholangiopancreatography (ERCP), patients who had already been treated with a stent, patients not fit for major surgery, or patients staged as unresectable during the pre-randomization work-up.
Patients were included after having signed an informed consent form before the ERCP investigation and were randomized after introduction of the guidewire into the bile duct. Randomization was achieved by use of sealed envelopes in blocks of 10 patients. The patient was unaware of the group affiliation, as was the physician in charge of the management of the patient post-procedurally. The patients remained in the group to which they were initially allocated, in an intention-to-treat type of analysis, even if they were switched to the other stent type (plastic or SEMS) in cases of stent dysfunction that required stent exchange.
The patients were thereafter scheduled for surgery within 6 weeks. All patients were evaluated during multidisciplinary team meetings that took place after the ERCP procedure. Three patients who at this stage were found to have borderline resectable tumors were offered, and underwent, neoadjuvant chemotherapy, which postponed the resection to a later date.
Before each ERCP, blood was collected for liver function analysis (aspartate transaminase, alanine transaminase, alkaline phosphatase, and bilirubin), white cell count, and C-reactive protein (CRP). Cholecystitis and cholangitis were defined according to Tokyo guidelines using clinical findings, laboratory values, and diagnostic imaging [30] . Stent dysfunction was defined as an increase in bilirubin > 50 µmol/L caused either by occlusion of the stent or by stent migration. In cases of stent replacement, the allocated stent type was reinserted if possible.
Pancreatitis was defined as abdominal pain in conjunction with elevated amylase at least three times the normal level at a time point more than 24 hours after the procedure [31] .
During the initial part of the operation, the surgeon collected samples of bile from the common hepatic duct and from the gallbladder. The bile samples were transferred into culture media allowing for aerobic as well as anaerobic growth, the results of which were measured as colony-forming units per milliliter of bile (CFU/mL). During the procedure, the surgeon subjectively scored (easy, moderate, severe) the level of complexity of carrying out the lymph node dissection in the region of the hepatoduodenal ligament, construction of the hepaticojejunostomy, as well as the ease by which the stent could be withdrawn from the opened bile duct. The transection line of the common hepatic duct was examined through routine hematoxylin and eosin staining, after fixation in formalin, and the severity of inflammation was graded by the pathologist. A lymph node harvested from the hepatoduodenal ligament close to the bile duct transection line was also analyzed for the grade of inflammation (none, mild, moderate or severe). Postoperatively, the patients were transferred to a high dependency unit for dedicated postoperative care according to standard protocols.
A clinically significant pancreatic fistula was defined as a fistula requiring an adjustment in management (grade B) or any invasive therapeutic intervention (grade C) [32] . Delayed gastric emptying was classified largely according to the scoring system launched by the International Study Group on Pancreatic Surgery [33] . The postoperative complications were scored according to Clavien-Dindo [34] . Patients were followed up 4 -6 weeks after surgery with an outpatient appointment.
The primary outcome measure of the study was to quantify the CFU/mL in bile harvested during surgical exploration. Secondary outcomes were: stent dysfunction, preoperative macroscopic grading of inflammation of the bile ducts, the occurrence of adverse events after endoscopic stenting, the surgical difficulties in extracting the stent, the ease by which the hepatoduodenal dissection could be completed and the hepaticojejunostomy could be constructed, and the incidence and severity of postoperative complications.
Statistical analysis and ethics
The required number of enrolled patients was estimated to be able to detect a 30 % lower CFU/mL count in the SEMS group with a probability of 95 % and a power of 80 %. In order to achieve this, a minimum of 60 matched patients needed to undergo surgical exploration and collection of bile samples. Thus, given the expected number of withdrawals resulting from findings that met the exclusion criteria during the subsequent preoperative work-up, at least 90 patients had to be randomized.
The data were analyzed using the statistical software JMP 9.0.0 (SAS Institute, Cary, North Carolina, USA). The demographic and clinical characteristics, endoscopic adverse events, intraoperative and postoperative findings, and complications are reported as medians and range or as number of cases and percentage of the total. The results of the bacterial cultures are reported as medians and interquartile range, as well as total sum of CFU/mL across all cases.
Categorical data were tested with Pearson's chi-squared test or Fisher's exact test when appropriate. When calculating the differences between means, the Student's t test was used for data with a normal distribution. For numerical values not normally distributed, the Wilcoxon Rank-Sum Test was used. P values of ≤ 0.05 were considered significant.
The study protocol was approved by the local ethics committee and written informed consent was received from all participating patients. All authors had access to the study data, and reviewed and approved the final manuscript. The trial was registered at ClinicalTrials.gov (NCT00501176).
Results
A total of 92 jaundiced patients were initially randomized into the trial, of whom 47 were allocated to receive an SEMS and 45 a plastic stent (▶ Fig. 1 Original article were found to be nonresectable and did not undergo surgical exploration because of presence of either distant metastases or a locally advanced tumor. In addition, at surgery, which was performed a median of 6 weeks after randomization, seven SEMS patients and two plastic stent patients were found to be nonresectable because of distant metastases or the presence of a locally advanced tumor, leaving 27 and 32 patients, respectively, to undergo curative resection. ▶ Table 1 includes all patients who underwent surgery and shows that the two study groups were well matched regarding clinical and tumor-related characteristics. The CRP levels were significantly higher in the SEMS group, but the numerical difference was clinically modest, only 20 vs. 9 (P = 0.01). There were more men in the plastic stent group (67 %) compared with the SEMS group (50 %), but the difference did not reach statistical significance (P = 0.14). ▶ Table 1 also shows the risk profile of the pancreas (soft or hard) to develop subsequent leakage from the pancreaticojejunostomy; no differences in pancreatic hardness were seen between the two groups.
Details of bile cultures are shown in ▶ Table 2 , which contains only data from samples taken from the common hepatic duct, as similar results were observed in bile withdrawn from the gallbladder. Similar results were captured in SEMS and plastic stent patients with regard to both the total CFU/mL (131 000 ▶ vs. 110 000; P = 0.44) and the isolated species of bacteria with intestinal origin (100 000 vs. 100 000; P = 0.58). During the preoperative work-up period, significantly more stent-related complications occurred in the plastic stent group (▶ Table 3 ), but otherwise no important differences between the study groups emerged. The stent dysfunction rates (27 % vs. 11 %; P = 0.05) and stent exchange rates (24 % vs. 8 %; P = 0.05) in the group of all patients randomized differed significantly in favor of SEMS. The statistically significant difference remained in those patients undergoing curative surgery only regarding the stent exchange rate (19 % vs. 0 %; P = 0.03), but not in the stent dysfunction rate (22 % vs. 4 %; P = 0.06). On the other hand, the risk of post-ERCP pancreatitis was higher in the SEMS group (21 % vs. 6 %; P = 0.15), but not significantly so.
The intraoperative observations, surgical data, and histological findings in the bile duct and adjacent lymph node are summarized in ▶ Table 4 . More patients underwent explorative laparotomy without resection or bypass in the SEMS group (15 % vs. 0 %; P = 0.05). Otherwise there were no differences (either in all surgical patients or in only those who underwent curative surgery), in operational time, perioperative blood loss or technical difficulties in extracting the stent, creating the anastomosis or the grade of inflammation in the hepatoduodenal ligament, indicating that the different stent types did not affect the surgery technically.
Histopathologically, there was no difference in the degree of cholangitis in the ring specimen of bile duct harvested during surgery, but there was more sinus histiocytosis (foreign body reaction) in the lymph nodes in the hepatoduodenal ligament in the plastic stent group (26 % vs. 7 %; P = 0.05). The postoperative course is summarized in ▶ Table 5 , both for the entire group undergoing exploratory surgery (▶ Table 5a ) and for those patients who ultimately underwent curative resection (▶ Table 5b ).
Patients undergoing curative surgery who had SEMSs had fewer complications (52 % vs. 72 %; P = 0.11) and leakages from the anastomoses (4 % vs. 12 %; P = 0.36) than patients with plastic stents. Similar differences were seen in the group of all surgical patients (overall complications 50 % vs. 68 %, P = 0.14; anastomotic leakage 3 % vs. 12 %, P = 0.36); however, infectious ▶ Original article
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▶ Table 3 Preoperative adverse events and clinical characteristics at operation. complications were more common in the SEMS group (29 % vs. 15 %; P = 0.14). None of these differences reached statistical significance.
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Discussion
This study was designed to address the question of whether or not a covered SEMS can more effectively drain the obstructed bile duct system and restore the enterohepatic circulation of bacteria compared with plastic stents in jaundiced patients with periampullary tumors. The clinical need for preoperative biliary drainage in patients with potentially curable periampullary tumors remains controversial [16, 35] . The most often cited study by van der Gaag et al. [16] demonstrated clearly that preoperative biliary drainage increased the morbidity. However, this study did not use SEMS, but rather plastic stents and sometimes even percutaneous transhepatic cholangiography drainage, which might induce more complications than modern SEMSs. However, adequate biliary drainage has clear pathophysiological benefits, and the mortality was significantly lower in the drained group in a recent meta-analysis [35] . In light of current developments in therapies for patients intended for curative resection, such as neoadjuvant chemotherapy treat-▶ Table 4 Intraoperative and histopathological findings in all patients undergoing surgery (curative and palliative).
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Original article ment, there remains a clinical incentive for patients with jaundice to undergo decompression [17] . We observed that the vast majority of intraoperative bile cultures contained bacteria in significant amounts. The rate of positive bile culture in our study was even higher than that found in most previous studies in which this issue has been adequately addressed [13, 18, 36] . The reasons behind this remain unclear, but we were unable to find a relationship between the actual length of the preoperative drainage or the type of stents used and the outcome of biliary cultures. It seems incontrovertible that bactobilia is associated with increased infectious complications after pancreatectomies and that the drainage technique contributes to a decreased bacterial contamination rate of the biliary system, which constituted one of the background prerequisites for the design and power calculation of the present study [18] . Based on current knowledge, it can be concluded that the profile and extent of bactobilia is not dependent on the type of drainage or the efficacy of the respective stent device, and does not co-vary with the clinical course during stent treatment. Similarly, based on the reasonable assumption that cultivated CFU/mL of intrahepatic bile acts as a marker for the level of impairment of the enterohepatic circulation of bacteria, our study was unable to prove the superiority of SEMS in this specific regard. It is interesting to note that even in the per-protocol analysis, when we excluded those patients with plastic stents who required stent exchange and antibiotics because of stent dysfunction, we were still unable to detect a difference between the study groups. Antibiotic treatment is an important confounder as it has a prolonged effect on the amount and distribution of cultured bacteria in the biliary system [13, 14, 18] . Accordingly, the intention-to-treat analysis was exposed to the risk of diluting a possible effect of SEMS.
The length of drainage represents a pertinent issue. The advocates of preoperative drainage claim that the main reason why preoperative biliary drainage has not consistently been found to be beneficial was due to insufficient drainage time. Experimental observations suggest that liver function requires 4 -6 weeks for recovery, even if the bilirubin level has returned to normal prior to 4 weeks. Therefore, the drainage time should be at least 4 -6 weeks. In the present study, the median drainage time was 31 days (range 9 -278 days), although seven patients were offered neoadjuvant therapy initially and thus had prolonged drainage times; however only two of these patients eventually underwent curative resection. Together, all data ▶ suggest that a drainage time of > 4 weeks can reduce overall morbidity compared with a shorter drainage time [14] . One of the controversies relating to preoperative biliary drainage is the idea that stent placement leads to local tissue inflammation and may make surgical resection more technically challenging, especially with SEMSs. We found that the type of stent did not affect the subjective assessment of surgical difficulty in dissecting the hepatoduodenal ligament, extracting the actual stent, or the complexity of completing the hepaticojejunostomy. Similarly, the histopathological results from the bile duct wall close to the proximal transection line, examined for the degree of inflammation, strengthened that conclusion. If anything, we observed more sinus histiocytosis (foreign body reaction) in the lymph nodes in the hepatoduodenal ligament in the plastic stent group. Even other objective measures such as bleeding and total operation time were not significantly different between the two groups. These results refute the suggested concern of an enhanced inflammatory reaction induced by the SEMS [37, 38] .
Post-stent placement pancreatitis has been reported to occur more frequently in patients given fully covered SEMSs. This has been described as a function of the expansion of covered and uncovered metal stents causing compression of the pancreatic duct orifice [39] . However, many of these studies are small and of retrospective design, reporting on a nonconsecutive cohort of patients without comparison with a plastic stent. Furthermore, the type of SEMS used can influence the interpretation of the available study results. In the present study, numerically more patients with SEMSs developed pancreatitis compared with patients with a plastic stent (21 % vs. 6 %; P = 0.15), but this difference was not significant. This was also true for the development of cholecystitis, which was not found to be a significant clinical problem in either patient group.
A weakness of the study is that we chose bacterial counts in bile as the primary end point as opposed to relevant changes in complication rates. Accordingly, we were exposed to the risk of type II errors in the assessment of perioperative courses. Another weakness of the study is that a large proportion of the o-▶ Table 5b Postoperative adverse events in patients undergoing curative resection.
Plastic stent (n = 32) SEMS (n = 27) P value riginally randomized patients were excluded because they met exclusion criteria during the diagnostic work-up period, which also hampers the study by diluting the groups and thereby reducing the statistical power. An issue to be addressed in the design of the study, is the possibility to completely blind for the allocation of stent type, although the endoscopist was not involved in the postoperative care. Special efforts have to be taken to maintain the blinding process, as the stent type can be disclosed by certain investigations carried out during the clinical management of the patients. In this regard, it should be mentioned that the majority of all tumor staging investigations were done before the insertion of the stent.
When considering overall complications, including noninfectious complications, we observed an increased need for reintervention in the plastic stent group, as represented by fewer stent failures (P = 0.06) and fewer instances of stent replacement in the SEMS group (P = 0.03). Although the results of the current randomized clinical study could not demonstrate any differences in bactobilia in perioperatively collected bile, it still offered arguments in favor of SEMS to optimize the preoperative course and the postoperative risk profile without the introduction of an enhanced risk for local complications. In previous studies it has been difficult to extract information about the true pros and cons of respective stent strategies, as only two studies, incorporating a limited number of patients, have compared plastic and metal stents for internal drainage [10, 40] . However, a recent Dutch multicenter trial, with a case -control study design, demonstrated a clear superiority of SEMS [15] . However, upfront surgery is still the preferred treatment strategy in patients presenting with jaundice due to periampullary tumors, and the pivotal trial -comparing preoperative biliary drainage using a fully covered SEMS versus upfront surgeryhas yet to be completed.
